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1 
My invention provides an economical and rapid 
process for resolving petroleum emulsions of the 
water-in-oil type that are commonly referred 
to as "cut oil," "roily off," "emulsified off," etc., 
and which comprise fine droplets of naturally- 
occurring waters or brines dispersed in a more 
or less permanent state throughout the off which 
constitutes the continuous phase of the emulsion. 
if also provides an economical and rapid proc- 
ess for separating emulsions which bave been 
prepared under controlled conditions ïrom min- 
eral off, such as crude off and relatively sort 
waters or weak brines. Controlled emulsifica- 
tion and subsequent demulsification under the 
conditions just mentioned are of significant value 
in removing impurities, particularly inorganic 
salts, from pipeline oil. 
Demulsification as contemplated in the pres- 
ent application includes the preventive step of 
commingling the demulsifier with the aqueous 
component which would or might subsequently 
become either phase of the emulsion in the ab- 
sence of such precautionary measure. Similarly, 
such demulsifier may be mixed with hydrocarbon 
such demulsifier may be mixed with the hydro- 
carbon component. 
The demulsifying agent emp!oyed in the pres- 
ent process is an ester salt of a tetrabasic acid 
in which three carboxyl radicals appear in ester 
form and a sulïo radical appears in salt form. 
Such compounds are derived preferab!y by re- 
action between three types of reagents: (a) poly- 
propylene glycol ethers derived ïrom alcohols 
having less than 6 uninterrupted carbon atoms 
in any single radical and of a molecular weight 
range of 750 fo approximately 3000; (b) aconitic 
acid, and (c) an alkali metal bisulfite such as 
sodium bisulfite or potassium bisulfite. 
The preparation of the demulsifying agent in- 
v01ves substantially two steps: (a) esterification 
between three moles of the polypropylene glycol 
ether and one mole of aconitic acid, and 
reaction of such ether with a suitable alkali 
metal bisulfite such as sodium bisulfite. 
More specifically then the presen invention 
is concerned with a process for breaking petro- 
leum emulsions of the water-in-oil type charac- 
terized by subjecting the emulsion to the action 
of a demulsifier including hydrophile synthetic 

products; said hydrophile synthetic products be- 
ing characterized by the following formula: 
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in which 

o 
«0 is the trivalent radical of aconitic acid and n 
is a whole number varying from 10 to 80; 1' is 
a hydrocarbon radical having less than 8 carbon 
atoms, and with the further proviso that the 
polypropylene glycol ether prior to esterification 
25 be water-insoluble and kerosene-soluble. 
In the above formula the alkali metal cation 
is shown as sodium which is the cheapest and 
most readily available. Needless to say, any other 
alkali metal cation, such as potassium, may be 
30 employed in the form of potassium bisulfite and 
is included in the hereto attached claires as the 
obvious chemical equivalent. Similarly, am- 
monium bisulfite may be employed instead of 
sodium or potassium bisulfite. This applies also 
35 to a bisulfite of various organic bases provided, 
of course, that such bases prior to forming a sul- 
rite are as basic as ammonia and that the sulfite 
is water-soluble. Ail these are the obvious func- 
tional equivalents of sodium bisulfite. 
40 The glycol ethers can be obtained by a num- 
ber of procedures as exemplified by the follow- 
ing: (a) SubJect the monohydric compound, 
such as methyl, ethyl or propyl alcohol to oxy- 
propylation, or (b) prepare the polypropylene 
45 glycol or obtain it commercially and then sub: 
ject it fo etherization. Various monohydrox- 
ylated compounds may be used, such as an 
alcohol, phenol, phenoxyalkanol, or the. like, 
free from any radical having 8 carbon atoms 
 or more. Such compoilnd may be reacted with 
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propylene oxide so as to obtain  high molal 
ether or glycol ether. 
Suitable monohydric materials include the 
usual aliphatic alcohols, such as methyl alcohol, 
ethyl alcohol, propyl alcohol, butyl alcohol, allyl 
alcohol, hexyl alcohol, etc. Also, there are in- 
cuded the phenols such hydroxybenzene and 
cresol. Similarly, the hydrogenated derivatives 
of such phenols, i. e., the alicyclic alcohols, are 
included. Benzyl alcohol and hydrogented ben- 
zyl alcohol may be used. Other alcohols which 
can be employed include tetrahydropyran-2- 
methanol and tetrahydrofurfuryl alcohol. My 
preference is to use aliphatic alcohols having at 
least 3 carbon atoms and preferablybeing water- 
soluble. This includes propyl alcohol, butyl 
alcohol, or amyl alcohol. In the case of bu_yl and 
amyl alcohols some of the isomers are water-solu- 
ble to the extent that they show solubflity of a 
few percent at room temperature, leference to 
the hydrocarbon group of such alcohols includes, 
of course, the derivatives of tetrahydropyran-2- 
methanol and tetrahydrofurfuryl alcohol even 
though there is an oxygen atom present. For 
the present purpose such radicals act as iï they 
were entirely hydrocarbon in nature insoïar that 
the presence of the oxygen atom contributes no 
objectionable property. 
The oxypropylation, or îor that matter the 
treatment of such monohydric compounds with 
any alkylene oxide and particularly ethylene 
oxide and propylene oxide, is well known. If is 
preferably conducted in the presence of an alka- 
line catalyst. 
Briefly, then a monohydric alcohol or other 
monohydric reactant having less than 8 carbon 
atoms in any single radical may be indicated 
thus: l'OI-I, leacting such monohydric alcohol 
with propylene oxide the resultant ether alcohol 
may be indicated thus: 
l'O (C3H60) H 
If for sake of simpliciy the alcohol selected for 
oxypropylation is isopropyl alcohol the compa- 
rable derivative is indicated thus: 
C3ttO (CH60) ,H 
If Ïas been pointed out previously that such 
monohydric ether alcohols must be of 'fairly high 
molecular weight and thus the value of n in the 
two preceding formulas is within the range of 
approximately 10 to 80. My preference is that 
the molecular weight of the product ai this stage 
be within the range of 2,000 fo 3,000. Such ether 
alcohols can be obtained by other means which 
are well known. For instance, they are commer- 
cially avaflable, polypropylene glycol having mo- 
lecular weights within the range of 1,000 fo 1,300, 
or even higher. Such products can, of course, be 
etherized with suitable reactants such as di- 
methyl sulfate, diethyl sulfate, methylbenzene 
sulfonate, ethylbenzene sulfonate, propylbenzene 
sulfonate, or the like, fo yield the corresponding 
ether alcohol. Other procedures are known also 
such as oxyproPylation of the chlorohydrin fol- 
lowed by treatment with an alkoxide, or conver- 
sion of the glycol into an alkoxide, followed by 
treatment with an organic chloride, such as ben- 
zylchloride or allylchloride. If is immaterial.how 
such ether alcohols are obtained. 
Previous reference has been ruade o the use of 
certain monohydric compounds .as initial raw 
materials. Examples are aliphatic alcohols such 
as .methyl, ethyl, butyl:alcoh01, and the lflçe, par- 
ticularly glycol ethers obtairedby treating meth- 

4 
yl, ethyl or isopropyl and normal butyl aicoho, 
with 1, 2 or 3, or more moles of propylene oxide. 
Needless fo say, these products are equally satis- 
factory as starting materials and if simply means 
5 that the oxypropylation step is shortcned. 
For that matter, similar materials are commer- 
cially obtainable, such as certain low molal meth- 
oxy polyethylene glycols as illustrated by ethylene 
glycol monomethyl ether, ethylene glycol mono- 
10 ethyl ether, ethylene glycol monobutyl ether, eth- 
ylene glycol ethylbutyl ether, ethylene glycol 
monophenyl ether, ethylene glycol monobenzyl 
. ether, diethylene glycol monomethyl ether, dieth- 
ylene glycol monoethyl ether, or diethylene glycol 
15 monobutyl ether. 
Sflimarly, products could be obtained from bu- 
tylene oxide except for the expense of this re- 
 agent or from a mixture of ethylene and pro- 
pytene oxide. Obviously there is a limit to the 
20 amount of ethylene oxide that can be present for 
the r.eason that the monohydric compound on 
oxypropylation should become water-insoluble af 
an actual molecular weight range of 1,000 fo 
2,000, and in many instances at less 1,000. Like- 
25 wlse, it is preferable that the compound become 
kerosene-soluble af an actual molecular weight 
range of 1,000 on up. The presence of more than 
a few ethylene oxide radicals, of course, prevents 
watcr-insolubflity and prevents kerosene-solubil- 
30 ity. The number present can vary, of course, with 
the terminal group and the degree of oxypropyla- 
tion but in most cases would be comparatively 
small, i. e., less than 10 per molecule. In most 
cases, however, one might as well start with the 
35 initial monohydric material and subject if fo oxy- 
propylation. 
For a number of vell known reasons equip- 
ment, whether laboratory size, semi-pilot plant 
size, pilot plant size, or large scale size, is not as 
40 a rule designed for a particular alkylene oxide. 
Invariably and inevitably, however, or particu- 
larly in the case oî laboratory equipment and 
pilot plant size the design is such as to use any 
of the customarily available alkylene oxide, i. e., 
ethylene oxide, propylene oxide, butylene oxide, 
45 glycide, epichlorohydrin, styrene oxide, etc. In 
the subsequent description of the equipment it 
becomes obvious that if is adapted for oxyethyla- 
tion as well as oxypropylation. 
Oxypropylations are conducted under a wide 
50 variety of conditions, hot only in regard fo pres- 
ence or absence of catalyst, and the kind of cat- 
alyst, but also in regard fo the time of reaction, 
temperature of reaction, speed of reaction, pres- 
sure during reaction, etc. For instance, oxyal- 
55 kylations can be conducted af temperatures up to 
approximately 200 ° C. with pressures in about the 
saine range up to about 200 pounds per square 
inch. They can be conductcd also af tempera- 
tures approximating the bofling point of water 
60 or slightly above, as for example 95 ° to 120 ° C. 
Under such circumstances the pressure wfll be 
less than 30 pounds per square inch unless sóme 
special procedure is employed as is s0metimes 
the case, fo wit, keeping an atmosPhere of !nerf 
65 
gas such as nitrogen in the vessel during the 
action. Such low temperature-low reaction rate 
oxypropylations have been described very com- 
pletely in U. S. Patent No. 2,448,664, fo I-I. R. File, 
70 et al., dated September 7, 1948. Low tempera- 
ture, low pressure oxypropylations are particu- 
larly desirable where the compound being sub- 
jected to oxypropylations contains one, two or 
three points of reaction only, such as monohydric 
75 alcohols, glycols and triols. 
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Since low pressure-low temperature reaction 
speed oxypropylations require considerable rime, 
for instance, 1 to 7 days of 24 hours each to com- 
plete the reaction, they are conducted as a rule 
whether on a laboratory scale, pilot plant scale, 
or large scale, so as to operate automatically. The 
prior figure of seven days applies especially to 
large-scale operations. I have used conventional 
eqnipment with two added automatic features: 
() a solenoid controlled valve which shuts off 
the propylene oxide in event that the tempera- 
ture gets outside a predetermined and set range, 
for instance, 95 ° to 120 ° C., and () another sole- 
noid valve which shuts off the propylene oxide 
(or for that matter ethylene oxide if if is being 
used) if the pressure gets beyond a predetermined 
range, such as 25 to 35 pounds. Otherwise, the 
equipment is substantially the saine as is com- 
moIfly employed for this purpose where the pres- 
s.ure of reaction is higher, speed of reaction is 
higher, and rime of reaction is much shorter. In 
such instances such automatic controls are hot 
necessarily used. 
Thus, in preparing the various examp!es I have 
round it particular!y advantageous to use labora- 
tory eqnipment or pilot piant which is designed 
to permit continuous oxyalkylation whether it 
be 0xypropylation or oxyethylation. With cer- 
tain obvious changes the equipment can be used 
also to permit oxyalkylation involving the use of 
glycide where no pressure is involved except the 
vapor pressure of a solvent, if any, which may 
have been used as a diluent. 
As previously pointed out the method of using 
propylene oxide is the saine as ethylene oxide. 
Ths point is emphasized only for the reason that 
the apparatus is so designed and constructed as 
to use either oxide. 
The oxypropylation procedure employed in the 
preparation of the oxyalky!ated derivatives has 
been uniformly the saine, particularly in light 
of the fact that a continuous automatica.lly-con- 
trolled procedure was employed. ïn this pro- 
cedure the autoclave was a conventional auto- 
clave ruade of stainless steel and having a ca- 
pacity of approximatly 15 gallons and a work-. 
ing pressure of one thousand pounds gauge pres- 
sure. This pressure obviously is far beyond any 
requirement as ïar as propylene oxide goes unless 
there is a reaction of explosive violence involved 
due to accident. The autoclave was equipped 
with the conventional devices and openings, such 
as the variable-speed stirrer operating at speeds 
from 50 R. P. M. to 500 R. P. IOE.; thermometer 
well and thermocouple for mechanical ther- 
mometer; emptying ourlet; pressure gauge, 
manual vent line, charge hole for initial reac- 
tants; at least one connection for introducing 
the alkylene oxide, such as propylene oxide or 
ethylene oxide, to the bottom oï the autoclave; 
along with snitable devices for both cooling and 
heating the autoclave, such as a cooling jacket, 
and, preferably, cofls in addition thereto, with 
the jacket so arranged that it is suitable for 
heating with steam or cooling with water and 
further equipped with electrical heating devices. 
Such autoclaves are, of course, in essence small- 
scale replicas of the usual conventiona! autoclave 
used in oxyalkylation procedures. In some 
stances in exploratory preparations an autoclave 
.having a smaller capacity, for instance, approxi- 
mately 3/2 liters in one case and about 1% gal- 
lons in another case, was used. 
--. Cqntinuous operation, or substantially continu- 
.ou.:operatIon, was achieed bFth.use, of 

rate container  hold the alkylene oxide .being 
employed, particular]y propylene oxide. In con- 
junction with the smaller autoclaves, the. con- 
tainer consists essentially of a laboratory bomb 
5 having a capacity of about one-haif gallon, .or 
somewhat in excess thereof. In some instances a 
larger bomb was used, to wit, one having a ca- 
pacity of about one gallon. This bomb was 
eqnipped, also, with an inlet for charging, and 
10 an eductor tube going to the 'bottom of the con- 
tainer so as to permit discharging of alkylene 
oxide in the liquid phase to the autoclave. A 
bomb having a capacity of about 60 pounds was 
used in connection with the 15-gallon autoclave. 
15 Other conventional equipment consists, of course» 
of the rupture disc, pressure gauge, sight ïeed 
glass, thermometer connection for nitrogen for 
pressuring bomb, etc. The bomb was placed on 
a scale during use. The connections between the 
2O bomb and the autoclave were flexible stainless 
steel hose or tubing so that continuous weigh- 
ings could be ruade without breaking or making 
any connections. This applies also to the nitro- 
gen line, which was used to pressure the bomb 
25 reservoir. To the extent that it was required, 
any other usual conventional procedure or addi- 
tion which provided greater safety was Used, of 
course, such as safety glass protective screens, 
etc. 
30 .Attention is directed again to what bas-'been 
said previously in regard to automatic controls 
which shut off the propylene oxide in event tem- 
perature of reaction passes out of the predeter- 
mined range or if pressure in the autoclave passes 
35 out of predetermined range. 
With this particular arrangement practically 
ll oxypropylations become uniform in that the 
reaction temperature was held within a few de- 
grees of any selected point, for instance, if 105ï 
40 C. was selected as the operating temperature the 
maximum point would be at the most 110 ° C. or 
112 ° C., and the lover point would be 95 ° or pos- 
sibly 98 ° C. Similarly, the pressure was held at 
approximate]y 30 pounds within a 5-pound vari- 
45 ation one way or the other but might drop to 
practically zero, especially vhere no solvent such 
as xylene is employed. The speed of reaction was 
comparatively slow under such conditions as com- 
pared with oxyalkylations at 200 ° C. Numerous 
reactions /ere conducted in which the rime varied 
50 from one day (24 hours) up to three days 
hours), for completion of the fnal member of a 
series. In some instances the reaction may take 
place in considerably less rime, i. e., 24 hours or 
55 less, as far as a partial oxypropylation is con- 
cerned. The minimum rime recorded was about 
a 3-hour period in a single step. leactions indi- 
cated as being complete in 10 hours may have 
been c0mplete in a lesser period of rime in light 
60 of the automatic equipment employed. This 
plies also where the reactions were compléte in 
a shorter period of rime, for instance, 4 to 5 
hours. ïn the addition oï propylene oxide, in the 
autoclave eqnipment as far as possible the valves 
65 vere Set so all the propylene oxide if fed con- 
tinuously would be added at a rate so that he 
predetermined amount would react within the 
lïrst 15 hours of the 24-hour period or two-thirds 
of any shorter period. This meant that if the 
70 reaction was interrupted automatically for a peri 
od of rime for pressure to drop or temperature to 
drop the predetermined amount of oxide would 
still be added in most instances well within-the 
predetermined rime period. Sometimes Where the 
 addition was .a comparatively small mount 
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lflhur period there would hoan unqueslonable 
speeding up of the reaction,, by simply repeating 
the examples and using 3, 4, orS hours instead of 
I0. hours. 
When, operating ata comparatively high tem- 
perature» for instance, between 150 °- to 200 ° C., an 
urn-eacted alkyleneoxide such as propylene oxide, 
makes its presence felt inthe increasein pressure 
or.the consistencyof a higher pressure. However, 
ata low. enough temperaturedt may happen that 
the .propylene oxide -goes in as- a liquid. Ifso, and 
if it remains um'eacted there is, of course, an 
herent danger and appropriate steps must be 
taken to safeguard against this possibflitF; ..if 
need be a sampl must be withdrawn and "ex- 
amined .for .unreacted propylene oxide. One 
vious procedure, of course, is to oxypropylate af 
a .modestly. higher temperature, .for instance, at 
140 ° .to 150 ° C: Unreacted oxide affects deter- 
mination .of the acetyl or hydroxyl value, of the 
hdroxylated compound obtained. 
The higher the molecular weight of .the com- 
pound, i. e., towards the latter stages, of reactioni 
the longer the tirne requied fo add a given 
amount of oxide. One possible explanation is 
that the molecule, being larger, the opportunity 
for random reaction is decreased. Inversely, the 
lower, the molecular weight the faster the re- 
action takes place. For this reason, sometimes 
at least, increasing the concentration ofthe Cata- 
lyst does not appreciably speed up the reaction, 
par.ticularly when the product subjected to oxy- 
alkylation has a comparatively high molecular 
weight. However, as has - been pointed out pre- 
viously, operating af a low pressure and a low 
temperature even in large scle operations as 
rnuch as a week or .ton days' rime may lapse to 
obtain some of the higher molecular weight de- 
tirCives from monohydric or dihydric materials. 
In a number of operations the counterbalance 
scal or-dial scale holding the propylene oxide 
bomb was so set that when the predetermined 
amount of propylene oxide had, passed into. the 
reactionthe scale movement through a .rime oper- 
ating device was set for eiher one to two hours 
so that reaction..contained for 1 to 3 hours, after 
the final addition of the last propylene oxide and 
thereafter the operationwas shut down. his.par- 
ticular-device is particularlF suitable for use on 
laïger euipment than labortorysize autoclaves, 
to.vit, on semi-pilot plant .or pilot plant size, as 
ell as 'on large .scale size. This-final stirring 
period is-intended to avoid he presence of 
eacted. 0xide. 
.In this.sort of uperation, of course, -the tempera- 
,ture .range was controlled automatically by either 
use.of coolïng. vter, steam, or electrical- heat, so 
as :to raise or lower Che .temperature. The pres- 
suring :f the propylene oxide into the reaction 
vessel. vas- lso automat.ic insofar that the eed 
 sre.am was set for a slow-continuous run which 
was shut off-in case he pressure passed a prede- 
termined point as previously set ou. Aïll the 
 points_-of-desigl, construction, etc., were conven- 
tioa! including, the gases, check valves and en- 
tire elipment. As far as I ara aware ai .least 
tw.o ïlrms, and possibly three specialize in auto- 
clave, equipment such as I hawe emploFed..in the 
laboratory, .and. are prep.ared fo furnish, eçluip- 
ment .of .his .saine. k.ind Similarly pfl0t, plant 
.elprnenç i.s available,  OElis. point s-simp!y made 
 s «-a. preç.aui0_n i. the. direction: of safeçy.. Oxy- 
yl..ti.o.r» larticularly lnwqlving ethFleneoxide, 
glid/propylene oxid% .etc, should hOt De con- 
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ducted except in equipment speciflcally designed 
for the pupose. 
EXA]FIPLE 1 
5. The monohydric compound employed was 'iso- 
propyl alcohol which was substantiallF anh- 
drous. In the initial oxypropylation this material 
was reacted "gith propylene oxide in tharatio.f 
20 moles o propylene oxide for one mole. of .the 
10 alcohoL The..autoclave employed had a capacity 
of 15 ça-lions or about 120 pounds of reaction 
mass. The speed :of the stirrer could be varled 
from 150 to 350 R. P..M. '3 pounds of isopropF1 
alcohol was charged Into the autoclave along. 
15 with one pound of sodium hydroxide. The re- 
action pot was flushed out with nitrogen. he 
autoclave was sealed and the automatic devices 
adjusted and set for injecting 58 pounds 
pFlene oxide In hours with an allowance of 
20 other hour for stirring to insure.completeness .f 
reaction. The pressure regulator was set for a 
maximum of 35 Pounds per square inch, This. 
meant that the bulk of the reaction could,tke 
place, .and probablF did take place, at a compara- 
25 tively lower .pressure. This comparatively low 
pressure was the result of the fact that con- 
siderable catalyst was prescrit. The propylene 
oxide was added-at the rate of about 8 poundsper 
hour. More important» the selected temperature 
30 range, was 205 ° .to 215 ° F. (.about the boiling point 
of water). The initial introduction of propylene 
oxide, v¢as hot .started until the heating dvices 
had raised the temperature to about the bofling 
point of: water. Af the completion of the reaction 
35 the molecular weight, based-on a hFdroxyl vlue 
determination,'was 723 compared with a theoreti- 
cal molecular weight of 1220. 
The final product was water-soluble or disper- 
sible in. xylene but hot soluble in kerosene, o. at 
40 least.the bulk of'the compound was hot solublein 
kerosene. 
T.his bach .of 61 pounds, except for a small 
amount withdrawn-as a sample, was divided into 
5 equal portions and subsequently subjected to 
45 further oxypropylation as described in Examples 
 2a to 6a, .inclusive. 
EXAIVPLE 2a 
OEn this instance a 5-gallon autoclave w.a_s used 
50 inséad of  15-ggl!on autoclave. The equipment 
and.d_esign of the 5-gallon autoclave was the same 
as tht.of-the 15-gallon autoclave. 
The saine Dr0cedurewas emploFed .as in. Ex- 
ample lu, preceding, eXcep.t that the im'tial 
55 actanZ was 12.2 pounds of the oxypropylated de- 
rivative described as Example 1, preceding. To 
this mixture there was added 4 ounces of°causlc 
soda. The rime period was approximately 1/2 
hours with-an.added 4.5 minutes for stirring. The 
60 amount of oxide added was 11.6 pounds. 
The molecular weight, based on hydroxyl value., 
was 1060, compared with a theoretical-molecular 
-weight-of 2380 
The conditions of temperature and pressure 
65 were substantially the same as in Example l', 
preceding, qhe product was water.-ïnsoluble, 
xylene-s01uble and kerosene-soluble. This state- 
ment applies -a]so to the next four examples- and 
willnot be repea-ted. 
70 Incidentally, the appearance-of -all. these .prod- 
ucts- -waried from rather wiscous, .c01orless -or 
straw-colored compounds, .fo-0thers having :an 
amber tint. Those of the highest molecu]ar 
,'eight vould hadly flow .át-.ordinar..tempera- 
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venience,-I have stored samples in wide-mouth 
cans.. This applies fo all the various samples 
herein described and this statement wfll not be 
repeated. 
EXANIPLE 3a 5 
The same procedure was followed as in 
ample 2a, preceding, i. e. the initial charge was 
12.2 pounds of the product identified as Example 
la, preceding. The amount of propylene oxide ]0 
added was 23.2 pounds. The amount of.a!kaline 
catalyst added was 6 ounces. The oxypropyla- 
tion in this particular instance and in the re- 
maining three examples, was conducted in the 
20-gallon autoclave. The rime period was 4.hours 15 
for the addition of the propylene oxide and the 
product was stirred for one hour after completion 
of the reaction. The final product showed a 
molecular weight, based on hydroxy] .value, .oï 
1570 compared with a theoretical molecular ri0 
Weight of 3540. Thê 0nditi0ns Of temperature 
and pressure were all the same as in the previous  
examples and, as a marrer of fact, apply fo all 
the subsequent examples in this series, i. e., 
amples 4a through 6a, so this information wil] not_. 25- 
be repeated. 
EXAMPLE 4a 
The initial reactant was the same as in the two 
preceding Examples ,2a and 3a, i. e., 12.2 pounds 0 
oï the product identified as Example la, preced 
ing. The amount of propylene oxide added wa 
34 pounds. The amount of alkaline catalyst em- 
ployed was 9 ounces. The rime required to gdd 
the propylene oxide was 4½ hours with an allow- 35 
ance of 1½ hours for stirring to insure comple- 
tion of reaction. 
The mo]ecular weight, based on hydroxyl num- 
ber determination was 1813 compared with a 
theoretical molecular weight of .4700. 
EXAMPLE 
.The same procedure was ïollowèd as in 
amples 2a, 3a and 4a, preceding. The initial re- 
actant was 12.2 pounds of the material previous- 45 
ty identified as Example la. The amount of 
propylene oxide added was 46.4 pounds. The 
amount of catalyst added was 12 ounces of caustic 
soda. The rime period for introduction of the 
oxide was 6½ hours and the reaction mass Was 50 
stirred ïor another hour to insure completion of 
reaction. 
The final product shOwed a mo]ecular weight 
based on hydroxyl number of 2200 compared with 
a theoretical molecular weight of 5860. 55 
EXAMPLE 
The same procedure was followed as in Ex- 
ample Sa, preceding. The initial reactant was 60 
12.2 pounds of the product identified as Example 
la, preceding. -ne amount of propylene oxide 
added was 58 pounds. The amount of catalyst 
was one pound of caustic soda. The propylene 
oxide was added in a 7]/2 hour period with 2 hours 65 
added ïor stirring fo insure comp]eteness of re- 
action. The moleculaï weight of the pr0duct, 
based on a hydroxyl value deteminabion, was 
2460, and based on a theoretical molecular weight 
it was 7020. 70 
The same procedure was emp!oyed in connec- 
tion with other monohydric compmmds, such as 
N-butanol and N-hexanol. ïïe characteristics 
of the products were the same except that there 
may have been a slight di .ff_erençe_ n .tht in the 75 

first.state the product showed a trifle less water- 
solubility and a little greater xylene-solubility 
than in Example la. 
Particular reference is ruade fo comparable 
Example 7a derived from butanol and Example 
13a derived from hexanol, as noted in following 
Table 1. Table 1 includesdata in regard fo Ex- 
amples la through 6a, and also Examples 7a 
through 12a derived ïrom N-butanol and 
amples 13a through 18a derived from N-hexanoL 
I the following table all examples were con- 
ducted in exactly the same molal ratio as in the 
first series, the only difference, being as follows: 
in the case of butanol the initial reaction in- 
vo!ved 3.7. pounds oï butanol instead of 3 pounds 
as in the case of isopropano] The initial reac- 
tion mass was broken into five parts of approxi- 
mately 12.4 pounds each instead oï 12.2. pounds as 
in the series above described. The amount oï 
oxide added, the amount of catalyst added, the 
%imëfàctorï tempèrature factor,pressure factor, 
etc., were all substantially identical within ability 
-to repeat two series as in the cse of Examples la. 
through 6a. 
.. The_ sme. slight..modification applies to 
amples 13a through 18a. I other words 5.1 
pounds of hexan61 were employed instead of 3 
pounds of :isopropanol. Similarly, this initial 
oxypropylation, was broken into five parts of ap- 
proximately 12.6 pounds each which was em- 
ployed insted of the 12.2 pounds in the first 
series, an d 12.4 poundsin the second series. Here 
again_ a! l. the conditions, pl. 0xypropylation were 
substantislly the saine as in series la through 6a. 

Table 

Initial Mono- 
Examp]e No.  .hydric Com- 
potmd 
la .......................... Isopropanol. 
2a ................................ do ...... 
 .......................... , ..... do ....... 
la ................................ do_ ...... 
Sa ................................ do_____ç_ 
a ................................ do ....... 
?a .......................... N-butanol..: 
a ............................... do ......  
a ...... « ......................... do ....... 
[Oa .................... : .......... do ....... 
tla ................ :. .............. do: ...... 
t2a .............................. do ....... 
tSa ......................... l-hexanol_.. 
[4a .............................. do ....... 
[Sa .............................. do ....... 
t6 .............................. do ....... 
t7a ............... : .............. do ....... 
[Sa ..................... .. ........ do ....... 

The )retica] 
W tght 

l, 220 
2, 380 
3, 540 
4, 700 
5, 860 
- 7, 020 
l, 284 
 .. 2, 894 
3, 54 
4, 714 
5, 874 
7, 034 
I, 262 
2 422 
8, 582 
4, 72 
5, 902 
7, 062 

Molecular 
Welght 
Based on 
:rydroxyl 
Value- 
.... 

¤¤ 81 
2, 461 
69 
 1» 01 
l, 42 
1, 74 
2, 05( 
2, 
1, 05 
1, 
1,62{ 
1, 75 
1, 98 

Although.cáustic soda Was used in the above 
oxypropylati0n needless to say any ther suitable 
catalyst, such as sodium methylate, caustic Po- 
ash, or the like, ceuld have been employed equally. 
satisfactorily. 
Speaking oï insolubility in water or solubilité, 
in kerosene such solubility test can be ruade 
simply by shaking small amounts oï the mate- 
rials in a test tube with water, for instance/us-. 
ing 1% to 5% approximately based on. the 
amount of watër present. 
Needless fo say, there is no complete conver- 
sion of propylene oxide int0 the desired hy- 
droxylated compounds. This is indicated by the 
fact that the theoretical molecular weight based 
on a statistical average is greater thun the molec- 
ular weight calculated bF usua! methods on.basis 
oï acetyl .or hydr0xyl alue. Actually: .there...i  
noc0mloletely. Çatisfactory method .ïor determin« 
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ing molecular weights of these .t:pes oï .com- 
pounds with.a high degnee.oI accuracy v¢hen the 
molecular weights exceed 1,O00:or2.,O00. In seine 
instanc.es the acetyl value or :hydroxFl value 
seres as satisfactorily asan index-to themolecu- 
tar weight :as-any.oher procedure, subject te the 
above limitations, and especiall, .in the :higher 
molecular .weihV range. If any .difficulty is :en-. 
counçered in the mamif:acture of the esters 
stoicliiometrical amount oZ acid :or acid-com- 
pound should be taken w-hich correspondste Vhe 
i.ndicated acetyl or hydroxyl vaIue. This marrer 
bas been discussed-in.the literature-and is .a mat- 
ter.of.common knowledge :and requires no furher 
elaboration. In fact, ït is i.llustrated by.some of 
the examples appearing in the patentpreviousl-y 
mentioned. 
In. order to aEord n ,opportunity for ompari 

linoE afd 
;Ex. .loL ¢v:. o[ 
1o. " p. p.g. ]her 
Used 

(grs.) 

"335' 
"130 
 ].OE4 
40 
254 
,328., 
"12 
168: 
403 
'29 

:conific :id. 
=__.=de ......... 
.... :du ......... 
..... do ......... 

12 
take place duing .this stage .of .the x2action'for 
the ohvious reason £hat if water were removed 
and the sodium bisulflte were anhydzous .there 
would be little or no opportunity for reacton. 
5 This was also necessary for the reason that 
sodium bisulfite begins te decompose af about 
100 C. and this reaction 0bviously must be con- 
ducted at.a . stiitable temperaure untilthe sodium 
bisúlfite has combined. Thereafter the xylene 
10 can be disilled over in the usual manner 
moving any water with it and all the xFlene can 
be remov.ed by distillation, particularly vacuum 
distfllation. 
The saine procedure was ïollov«ed in connecti-on 
15 with a number of additionl exarnples, .all 
wtiich are illustrated in the îollowing tablewhich 
gives the reactants, amounts employed, temper- 
ture of esterification, etc. 

Used, 
(grs.) 
9.3 
9.3 
9.3 
9.3 
9.3 
9.3 
9.3 
9.2 
.9. 3 
9.3 

.Xylene 
(ccm.) 

55 
5O 
5O 
6O 
5O 
5O 
5O 
60. 
5O 

.Max. 
Esterifi- 
cation 
Temp. 
(° C .) 

130 
135 
134 
138 
135 
139 
130 
134 
137 
139 

Esterifl- 
car/on 
rime 
(hrs.) 
3 

Sod. 
Bisl- 
rite 
(grs.) 

Pes, c- 
Temp. 

6 80-9.5 
6 80-9.5 
6 80-95 
6 80-95 
6 8O-95 
6 80-95 
6 80-95 
6 80-9.5 
6 80-95 
6 80-95 

tion 
Time- 
(tITs:) 
4 
4 
3 

son with the saine compounds prepared frein 
polypropylene glycol, instead of polypropylene 
glycolethers it bas been considered advantageous 
te_ selez.t such ethers which correspond in 
leeula-r weight te seine oï .the readily available 
polypro_uylene glycols. This is particularlF true 
in.egard te the methyl ethers and the propyl 40 
ethers. -ne procedur, e is iltus£vated by the .fol- 
.]owing examPle. 
In a rgaction fiask there .w.ere placed 9.3 .grains 
oZ. aconitic acid, aïad '335 grains of the propyl 
eher of :a propylene glFcol .corresponding 
polypropylene g!yco1-2025. The motal rato was 
3 moles of :glycol ether,to one mole .of the.anhy- 
dide. App'oximatelF 1,% of toluene sulfonic 50 
acil was added based .or £he w.eight of .the glycol 
ether. In this insi,nce 2 grains of sulfonic acil 
were used. There was also.alded.55 cc..oï y_lene. 
I-Ieat was applied and-refluxing-permitted te 
continue for about 3hours. The mximum 
temperature duing .the reflux period was 130 ° C. 
The amount of water Whieh distilled, over was 
approximately 2 ce. At the end of the reacton 
there was stiI1 a _slight acidïty ti_ue possibly 
uncombined aconitic acid and unquestioably de 6o 
entiely or in part te the presence of the acid 
catalyst. A small amountof 30% aqueous custic 
soda. was added untfl sufficient had been intro- 
duced te netutralize the fee acid radicgls. 
this adjustment 6 grains of powdered sodium bi- 65 
sulfite were added. Apparenfly enough water had 
been added along with the caustic soda te dssolve 
at least part of the sodium bisulfite se that fur- 
ther addition ofwater is n0t required. Needless 
te sa,Y, if no causale soda solution was added te 7o 
neuralize the acidity thon a little water shòuld 
hure been added te dissolve at least part or, all 
of the-sodium bisulfite se as te give a saturated 
solution. The reaction mixture was stirred for 
4 hours. No effort was ruade te bave any reflux 

In £he above table the .kincl et ether ls indi- 
caed by the haracterizing radical, i. e., pr0pyl 
or methyl. The actual ether alcohol .v¢as, of 
course, .the corresponding polypropylene glYcol 
ethe:, i. e., .either the proPyl ether- or .lhe .methyl 
ether and le figure indicates the molecular 
weight which in a general way corresponds te 
molecular weights o:[ available polypropylene 
glycols, i. e., polypropylene giycol 2025, poly- 
propylene glycol 25, polypropylene glycol 1025, 
polFpropylene glFcol 2525, and p01FpropFlene 
glycl 1'525. As previously pointed out these 
ethers, and for tha marrer the corresponding 
glFcols, represent cogeneric mixtures andnet a 
single chemical compound. Such cogeneric mix- 
tùv.e is .erre. whose statisical average molecular 
weightis the particular weight indicated. Refer- 
once in the table is, of course, te the hydroxyl 
value molecular weight for the obvious reson 
that:this is the basis for calculating the amount 
of reactants required. 
In all instances a small amount of 30 % caustic 
soda solution was used as in the more complote 
description of Example lb, and also an amount 
of toluene sulfonic acid approximating 1% of 
the weight of the glycol ether, or slighfly less, 
was used in. the esterification stop. A larger 
amount should net be used because there may 
be decomposition of the glycol ether. Smaller 
amounts can be used, for example, /2% or %% 
based on the amount of glycol ether provided, 
however, that the esteriflcation is extended. 
The products obtained are comparable te the 
initial glycol ether in appearance, etc., 1. e., usuall:¢ 
they are an amber celer or at least of a slight 
straw celer, and often somewhat thicker than the 
original glycol ether. This description applies, 
of course, te materials after the removal of the 
solvent, i. e., the xylene. For use as demulsifiers 
there is no need te remòve the xylene and it may 
romain behind. Obviously other liquids than 
xylene may be used in esterification procedure. 
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However, if the bofling point is any higher than 
xylene there is danger that decomposition may 
take place lm_less the amount of su]fonic acid is 
reduced. Other catalyst such as a sma]l amount 
of dry hydrochloric acid can be used but it ap- 
pears less desirable than the sulfonic acid. Need- 
less fo say, the caustic soda solution used neu- 
tra!izes the sulfonic acid catalyst present. 
The equipment used in esterification procedure 
is ä resin pot of the kind described in U. S. Patent 
No. 2,499,370, dated Match 7, 1950, fo De Groote 
and Keiser. Any conventional equipment can be 
used, either on a small scaie, pilot plant scale, or 
larger scale. 
Tri the various examples preceding on]y one gly- 
col ether has been nsed in these cases. Actually 
there is no res, son why one may hot use two dif- 
ferent glycol ethers, for instance, an equimo]ar 
mixture of two glycol ethers, one for example 
having a molecular weight of 2000 and the other 
3000; or one having a molecu]ar weight of 1500 
and the other 2500. Actually these glyco] ethers 
are cogeneric mixtures af each selected molecu;ar 
weight. -Since aconitic acid bas three carboxy]s 
one could select g]ycol ethers of three different 
mo]ecular weights, for instance, 1500, 2250 and 
3000. IE:omentarily, one need on]y look af a simple 
situation, i. e., if maleic acid weïe employed, i. e., 
a compound having two carboxyl radicals instead 
of three. In such event if one does make a mix- 
ture of the kind here described actual]y three 
types of compounds wil] appear, one type in which 
both carboxyl radicals of the dicarboxy acid are 
joined with the higher g.ycol ether, one type 
where both carboxy]s are joined with the lower 
mo]ecu]ar weight g]yco] ether, and one type where 
one carboxyl is united fo a higher molecu]ar 
weiht glyco! ether and the other one to a 10wer 
molecu]ar weight g]yco] ether. 
However, referring fo the use of aconitic acid 
as herein described it becomes obvious that if 
one used three different lycol ethers the hum- 
ber of possible components in the mixture would 
increase. __ïnere s no advantage in using such 
mixture but if can be done if one cares to do so. 
Other variations are obvious!y possible by using 
different radica]s in the ether positions, such as 
methy] glycol ethers or propyl g!ycol ethers. For 
ex,top!e, the acoUtic acid tan be united with 
different ethers of the same glyco], for instance, 
the two previously mentioned, or the .ifferent 
ether groups might be joined to g]ycols of different 
mo]ecular weihts. 
The products so obçained are pecu]iar insofar 
that (a) there is hot present ny radical havin 
8 or more uninterrupted carbon atoms, and 
the compounds are hot particu]ar]y effective as 
surfaceactive agents in the ordinary sense due 
either to the large molecu]ar size or the absence 
of a hydrophobe radical of the kind previous]y 
referred to, or for some other reason which 
obscure. The chemica] compounds herein em 
ployed as demu]sifiers bave molecular weights 
varying from more thal 1500 up fo several 
thousands, for instance, 000, 500 and 9000, and 
yet c0ntain only one sulfo radical. Utflity of 
such compounds for industrial uses is rather un 
usua!. They are hot effective emulsifying agents 
but are valuab!e for other purposes. For example, 
.they are valuable s an additive or a promoter 
emulsions. These compounds also bave hydro- 
tropic property and serve as common solvents in 
the preparation of micellar solutions. It is fo be 
noted that they are free from terminal carboxyl 
radicals and thus differ from reagents obtained, 
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for example,, by treating one mole of. a high 
molal polypropylene glycol with 2 moles of a di- 
carboxy acid. It is probable these reagents, due 
fo their peculiar structure and their peculiar 
5 solubility characteristics, wfll find utflity in other 
fields of application now unknown. 
Conventional demulsifying agents employed in 
the treatment of oil field emulsions are nsed as 
Such, or after dilution with any suitable solvent, 
i0 such as water, petroleum hydrocarbons;, such as 
benzene, toluene, xylene, tar acid off, cresol, 
anthracene off, etc. Alcohols, partiCularly 
phatic alcohols, such as methyl alcohol, ethyl al- 
cohol, denatured alcohol, propyl alcohol, butyl 
15 alcohol, hexyl alcohol, octyl alcohol, etc., may be 
employed as diluents, lscellaneous solvents such 
as pine off, carbon tetrachloride, sulfur dioxide 
extract obtained in the refining of petroleum, etc., 
may be employed as diluents. Similarly, the 
20 terial or materials employed as the demulsifying 
agent of our process may be admlxed with one or 
more of the solvents ctomarily used in con- 
nection with conventional demulsifying agents. 
IE:oreover, said material or materials may be 
25 used alone or in admixture with other suitable 
well-known classes of demulsifying agents. 
It is well known that conventional demulsify- 
ing agents may be nsed in a water-soluble form, 
or in an off-soluble form, or in a form exhibiting 
30 both off-and water-solubility.  Sometimes they 
may be used  in a form which exhibits relatively 
limited oil-solubility. However, since such re- 
agents are Irequently used in a ratio of I to- 10,000 
or ! to 20,000, or 1 to 30,000, or even 1 fo 40,000, 
35 or 1 to 50,000 as in desalting practice, such an 
apparent insolubility in off and water is hot sig- 
niflcant because said reagents undoubtedly have 
solubility within such concentrations. This saine 
fact is true in regard to the material or mate: 
40 rials employed as the demulsifying agent of out 
process. 
In practicing our process for resolving petro- 
leum emu]sions of the water-in-oil type, a treat- 
ing agent or demulsifying agent of the kind above 
45 described is brought into contact with or cused 
to act upon thé emulsion to be treated, in any of 
the varions apparatus now generally used fo re- 
so]ve or break petroleum emulsions with a chemi- 
ca] reagent, the above procedure being used lone 
.50 or in combination with other demulsifying pro- 
edure, such .s the electrical dehydration process. 
One type of procedure is to accumulate a vol- 
ume of emulsified off in a tank and conduct a 
batch treatment type of demulsification pro 
55 cedure to recover c]ean oiL In this procedure 
the emu]sion is admixed with the demu]sifler, for 
examp]e by agitating the tank of emu]sion and 
slow]y dripping demulsifier into the emulsio. 
In some casesmixing is .achieved by .heating the 
co emu]sion whi]e dripping in the demu]sifier, 
.pending upon the convection currents in the 
emulsion to produce satisfactory admixture. In 
a third modification of this type of. treatment, a 
circflating pump withdraws emulsion from, e. g., 
.5 the bottom of the tank, nd re-introduces tt into 
the top of the tank, the demulsifier bein added, 
for examp]e, t the suction side of said circu 
lating pump. 
In a second type of treating procedure, the 
ï0 mulsifier is introduced into the well fluids at the 
,-e!i-head or at some point between the well-head 
andthe final off'storage tank, bymeans of an ad- 
justab!e proportioning mechanism or proport.ion- 
ing pump. Ordinarily.the flow of fiuid through 
î5 the .subsequent lines and fitting.s sufiïces, to. pro- 
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due thd desoeed degree of'mixing of dernulsifier 
and .emulsion, lthough in some instances addi- 
tignl.mixing dm.ices ma-y be introduced into the 
fluw system. In .this general, procedure, the sys- 
rem may include varous mechanical devices for 
withdrawing .free water, separating entrained 
water, or accomplishing quiescent settling of the 
chemicalized emulsion. Hiating devices may 
]ikewfse :be incorporated in any of the treating 
procedurës described herein. 
A hird type of appli-ation (down-the-hole) 
o demulsïfler fo emulsin is fo introduce the de- 
mul=sifier either periodically or cDntinuously in 
diluçed or undfluted form into the well and to 
allow if to corne fo the surface wiçh the we]l 
fi-uids, and then fo fiow çhe chemicalized emulsion 
through any .desirable surface equipment, such 
as-empIDyed in the other treating procedures. 
This particular type of application is decided]y 
sëfiI when the demulsifier is used in connec- 
tin with acidification of calcareous oil-bearing 
strata, especially if suspended in: or dïssolved in 
the acid employed for acidicatin. 
In all cases, iç will be apparent from the fore- 
goi.g dëscriptïon, thë broad process consists 
simply in introducing a relatively smaH propor- 
tion of demulsifier into a relatively large 'propor- 
tion of emulsion, admixing the chemical and 
emulsion either through natural flow or through 
special apparatus, with or withouç the applica- 
tion o'f hea:t, and allowing the mixture to sçand 
uiescent until the undesirable water content of 
fhe emulsion separates and settles from the mass. 
Thë following is a typical installation: 
A reservoir fo hold the demulsifier of the kind 
described (diluted or undiluted) is placed at ,he 
wel]-head where the effiuent.liquids leave the well. 
This reservoir or container, which may varY from 
5 gallons to 0 gallons for convenience, is con- 
nëcted to a proportioning pump which injects the 
demulsifier drop-wise into the fiuids leaving the 
well. Such chemicalized fiuids pass through the 
fiewhne into a settling tank. The settling tank 
consists oI « tank of any convenient size, for in- 
stance, one which wilI hold amounts of fiuid 
produced in 4 to 24 hours (500 barrels' to 2000 
barrels' capacity), and in which there is a per- 
 pendicuar conduit from the top of the tank fo 
almost the very bottom so as fo permit the in- 
coming fluids to pass Irom the top of the settling 
tank o the bottom, so that such incomin. fluids 
do o dist-urb stratiflcation which takes place 
during the course of demulsification. The 
 settling' tank bas two outlets, one being below 
water level to drain off the water resulting from 
demulsification or accompanying the ernulsion as 
free water, the other being an off ourlet ai the 
top to permit the passage oI dehydrated oil to a 
second tank, being a storage tank, which holds 
pipellne or dehydrated off. If desired, the con- 
duit or pipe which serres to carry the fiuids from 
the well to the settling tank may include a sec- 
tion of pipe with baffies to serve as a mixer, to 
insure thorough distribution of the demulsifier 
throughout the fiuids, or a heater for rasing the 
temperature of the fiuids to some convenient 
temperature, for instance, 120 ° to 160 ° F., or both 
heater and mixer. 
Demulsification pracedure.is started by simply 
setting the pump so as to fëed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
s soon as a complete "break" or satisfactory 
mulsification is obta'ined, the pump is regulated 
until experience shows that the amount of de- 
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mulsifler being added is just sufficient to produce 
clean or dehydated oit. The amount being ed 
ai such stage is usually 1:10,000, 115,000, 
1:20,000, or the like. 
5 In many instances the products herein specf- 
fied as demulsifiers can be conveniently used 
without dilution. However, as previously noted, 
they may be diluted as desired with any suitable 
solvent. For instance, by mixing 75 parts by 
weight of such derivative, for example, the prod- 
uct oï Example 1 with 15 parts by weight of 
xylene and 10 parts by weight of isoprepyl, alco- 
bol, an excellent demulsifier is obtained. Selec- 
tion of the solvent will vary, depending uponthe 
solubility characteristics of the product, and of 
course will be dictated in part by economic con- 
siderations, i. e., cost. 
As noted above, the products herein, descrihed 
may be used hot only in dfluted form, but also 
may be used ,admixed with some other chemical 
demulsifier. A mixture which illustrates such 
combination is the following: 
The product of Example 1«, 20 % ; 
A cyclohexylamine salt oï a polypropylafd 
naphthalene monosulfonic acid, 24 % ; 
An ammonium salt of a polypropylated naph« 
thalene monosulfonic acid, 24 % ; 
A sodium salt of oil-solu,ble mahogany petïo- 
leum sulfonic acid, 12 % ; 
A high-bolling aromatic petroleum solvenk 
15%; 
Isopropyl alcohol, 5 %. 
The above proportions are ail weight percents. 
Having thus described my invention what I 
35 claire as new and desire to secure b Letters Pat- 
ent, iS : 
1. A Process for breaking petroleum emulsions 
of the water-in-oil type characerized by subject- 
ing the emulsion to the action of a demulsifler in- 
cluding hydrophile synthetic products; said hy- 
drophile synthetic products being characterized 
by the following formula: 

l0 

15 

2O 

25 

3O 

O 
45 
- /o 
R--C (0 CH).O R 
o so / \o 
II , 
0 (0 CH).OR 

in which 

is the trivalent radical of aconitic acid and n is 
a whole number varying from 10 to 80; 1' is.a 
65 hydrocarbon radical having less than 8 carbon 
atoms, .and with the further proviso that the cor 
responding polypropylene glycol ether of the for- 
mula R'O(CHO),H be water-insoluble and 
kerosene-soluble. 
70 2. The process of claire 1 wherein the value of 
n is approximately 15. 
3. The process of claire 1 wherein the value Of 
n is approximately 25. 
4. The process of claire 1 wherein the value of 
'$ n is approximately 35. 
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5. The process of claire 1 whereln the value of 
 is approxim«tely 45. 
6. The process of claim 1 whereln the value of 
 is .approximately 55. 
IELVIN DE GROOTE. 
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